Abstract
Vacuum ultraviolet (VUV) 
Introduction
Plasma display panel (PDP) is the most promising technique for the large sized flat panel display [1, 2, 3] . Phosphors used in PDP are required to have good quantum efficiency under the vacuum ultraviolet (VUV) excitation. Some oxide compounds with aluminate, borate and silicate groups have a strong absorption in the VUV region [4] .
Therefore, aluminate is a good candidate for PDP phosphors. GdCaAl 3 O 7 is one of complex oxides in the rare earth calcium aluminate family with a general composition of ABC 3 O 7 , where A is an alkaline earth cation, B is yttrium (Y), scandium (Sc) or a trivalent rare earth element and C is aluminum (Al), gallium (Ga) or a transition metal ion.
The compound forms tetragonal crystals belonging to the space group P42 1 m, in which the distribution of the rare earth ions and Ca 2+ ions is considered to be close to disordered [5] . The compound structures are formed by five-membered rings constructed from AlO 4 5-tetrahedral linked at each corner. The rare earth ions and Ca 2+ ions are located at the centers of these rings [6] . Recently, long-lasting phosphorescence has been reported in Ce
3+
-doped YCaAl 3 O 7 crystals at room temperature [7] . The luminescence properties of Eu
, Tb
, Tm 3+ in strontium-lanthanum gallate SrLaGa 3 O 7 , prepared using the solid state method, have been systematically examined [6] . Compared with the conventional ways of solid-state sintering, the soft chemical method has the advantages of short heating time, small particle size and narrow particle size distribution. The sol-gel method has the merits of easy stoichiometric control, lower calcination temperature and shorter heating time, good homogeneity through mixing the starting materials at the molecular level in solution. Citrate sol-gel method is a particularly attractive method for the synthesis of the superfine powders [8, 9, 10] . 3 In this paper, we report the preparation of was used to study the morphology and size of the calcined particles. UV excitation spectra and UV excited emission spectra were measured in a fluorescence spectrophotometer, which is composed of a 1000 W xenon lamp integrated with Acton Spectra pro 2150i monochromator as the excitation source, Acton Spectra pro 275 monochromator and a photomulitiplier tube (PMT Hamamatsu R636-10). The VUV excitation spectra and VUV excited emission spectra were measured at a VUV spectroscopic station using beam line 3B1B in the Beijing Synchrotron Radiation Facilities (BSRF), under high energy physics mode (1.8 GeV, 30-40 mA). A Seya type VUV monochromator (1200 g/mm) was used to provide the excitation VUV light, while an ARC SP-308 monochromator was used for the emission spectra. The optical signal was detected by a Hamamatsu H6240 photomultiplier. The relative VUV excitation intensity of the samples was corrected by dividing the measured excitation spectrum of the samples with that of sodium salicylate measured under the same conditions. The vacuum level in the sample chamber was kept at around 2×10 -5 mbar. All luminescence spectrum were taken at room temperature.
Results and discussion
The XRD patterns for the particles prepared by the sol-del and solid state methods are shown in Fig. 1 [11, 12] . Upon the UV excitation at the wavelength of 264 nm, the spectra are described by the well-known
emissions of the Eu 3+ ions with the strong emission for J = 2 at 619 nm. Among all cases studied, the phosphors prepared by citrate sol-gel method present the lowest emission intensity in spite of its lower starting crystalline temperature (900 o C), which is caused by the quenching effect from the remnant organic compounds used in this method.
With the increase of calcination temperature (1200 o C), the amount of the organic impurities decreases significantly, hence resulting in the enhanced emissions. If a rare earth ion in the crystal lattice occupies a site with inversion symmetry, the optical transitions between the 4f n configurations are strictly forbidden as the electric dipole transition. They can only occur as magnetic-dipole transitions. If there is no inversion symmetry at the site of the rare earth ion, the electric dipole transitions exist, and the 5 D 0 → 7 F 2 transition can be observed, which is sensitive to the ligand environment [13] The VUV excitation and emission spectra are shown in Fig. 3 (b) . The excitation spectrum consists of two broad bands with maxima at about 184 nm and 250 nm respectively. The VUV band from 168 nm to 200 nm is the bandgap absorption region of the host lattice (aluminate) [4, 15, 16] . The broad band at 250 nm is attributed to the charge transfer band (CT band) resulting from an electron transfer between the ligand O [17] .
The VUV excitation and emission spectra are shown in Fig. 4 (b) . The excitation spectrum consists of two broad bands with maxima at 186 nm and 240 nm respectively.
The band in the VUV region around 186 nm is the band-gap absorption region of the aluminate in the GdCaAl 3 O 7 :Tb
3+
. The broad band at 240 nm is attributed to the transitions between the lower energy level of 4f 8 configuration and the higher energy levels of 4f 7 5d configuration of Tb 3+ ion [16] . There is an energy transfer from host to the Tb 3+ ion because the 4f -5d transition absorption of Tb 3+ is in the range of 150 ~ 260 nm [18] , which is partially overlapped with the host absorption. Fig. 4 (b) . 
Conclusion

